Introduction
============

Eccentric exercise contraction (EEC) could cause exercise-induced muscle injury by causing microdamage to muscle cells structure.[@b1-jpr-10-2213] The muscle injury by unaccustomed exercise is characterized by muscle soreness, increase in both the volume and girth of the limb with the injured muscle, decline in the range of motion (ROM) of the affected limb, muscle weakness, and leakage of muscle protein as measured via creatine kinase (CK) assay.[@b2-jpr-10-2213] The onset of these symptoms starts between eight and 24 hours following muscle damage, peaks between 24 and 48 hours, and may last for 7 days, and symptoms may range from muscle tenderness to severe pain. Most accepted parameters for measuring the magnitude of muscle injury in human beings are the blood markers, CK and lactate dehydrogenase (LDH), subjective markers (e.g., soreness), and physiological markers (e.g., ROM, muscle force, and swelling).[@b3-jpr-10-2213]

"Repeated bout effect" (RBE) is the commonest adaptations seen after muscle injury. Following a second bout of exercise, the preconditioning or attenuation in muscle damage markers is referred to as the RBE. It is known that the eccentric activity of the damaging bout confers protection during subsequent bouts; however, this adaptation is persuaded when the successive exercise bout is distinct from the initial bout of exercise.[@b4-jpr-10-2213] Although the RBE mechanisms remain to be interpreted fully, it is speculated that mechanical,[@b5-jpr-10-2213] neural, and cellular responses are responsible.[@b1-jpr-10-2213],[@b6-jpr-10-2213],[@b7-jpr-10-2213]

Several reviews explained that nutritional support and pharmacological therapy are often used as the preventive and therapeutic modalities related to muscle damage.[@b8-jpr-10-2213],[@b9-jpr-10-2213] It has been observed that in subsequent bouts, changes in the markers of muscle damage are smaller and muscle recovery is faster than in the initial bout.[@b2-jpr-10-2213] Lavender and Nosaka[@b4-jpr-10-2213] reported low-intensity eccentric exercise (10% maximal voluntary contraction \[MVC\]) can also protect against muscle damage following the subsequent bout (40% MVC), which was performed 2 days later without any changes in muscle damage. In addition, they further reported that low-intensity EEC provides protection against not only submaximal exercise but also maximal eccentric exercise (100% MVC). Another study by Chen et al[@b10-jpr-10-2213] reported that performing two maximal voluntary isometric contractions 2 or 4 days before maximum eccentric exercise attenuates the muscle damage. Chen et al[@b11-jpr-10-2213] reported that 10% EEC confers attenuation or protection against the symptoms of muscle damage when it is performed 7 days prior to maximal eccentric contraction (Max-EEC). The underlying mechanisms of action of light-load eccentric exercise according to the parameter used include neural adaptation, mechanical adaptation, and cellular adaptation.

Although since 1960 the therapeutic effect of low-level laser therapy (LLLT) has been the focus of research, Baroni et al[@b12-jpr-10-2213] in a human study observed that prior to delayed-onset muscle soreness (DOMS) protocol, the application of laser therapy causes a reduction in muscle damage and improves muscle function. Some studies in animals also showed effectiveness of laser therapy.[@b13-jpr-10-2213]--[@b15-jpr-10-2213] These promising results may be due to the anti-inflammatory function of phototherapy[@b16-jpr-10-2213] to decrease discharge of reactive oxygen species,[@b17-jpr-10-2213] thereby both increasing the antioxidant capacity[@b18-jpr-10-2213] and improving mitochondrial function[@b19-jpr-10-2213] of the muscle.

Protective effect of LLLT on muscle damage has recently been studied.[@b20-jpr-10-2213] Moreover, its usability may be limited by cost and availability constraints of the equipment as well as minimal technical expertise required for application when compared to readily accessible light-load eccentric exercise. Therefore, if found to be equally effective, 10% EEC can be used as an alternative to LLLT. The present study aimed to compare the protective effect of light-load eccentric exercise (10% EEC) vs. LLLT (808 nm) in the prevention of muscle damage by assessing physiological, biochemical, and subjective markers of muscle damage in collegiate men.

Methods
=======

Subjects
--------

Thirty-six collegiate men, aged 19--26 years, from Jamia Millia Islamia, New Delhi, India, were recruited. Participants who were currently taking medication, had an injury to their upper extremities, or were involved in heavy physical activity were excluded. Participants were requested to abstain from competition and physical activity, and avoid nutritional supplements during the period of the experiment. Ethical approval was granted by the Institutional Ethics Committee, Jamia Millia Islamia, New Delhi, India (proposal no: 17/9/21/JMI/IEC/2015), and the subjects who consented to participate signed written informed consent in accordance with the Declaration of Helsinki.

Study design and randomization
------------------------------

This is a comparative group study, prospectively designed with a random allocation of participants into two experimental groups: the 10% EEC group (n = 16; 22.9 ± 2.24 years, 166.3 ± 8.64 cm, 65.4 ± 8.56 kg, 23.6 ± 1.64 kg/m^2^) and the LLLT group (n = 20; 21.8 ± 2.33 years, 167.2 ± 4.68 cm, 64.3 ± 5.05 kg, 23.0 ± 1.7 kg/m^2^). The low-level laser was administered by a therapist, while the eccentric exercises were performed by volunteers under the supervision of a therapist. To ensure that their eyes were protected, both the therapist and volunteers in LLLT group used dark laser goggles.

Procedures
----------

Experimental procedures were performed in the university laboratory. MVC, ROM, upper arm circumference, soreness, and serum CK and LDH levels were measured at baseline in both the groups. Participants in the 10% EEC group performed eccentric contraction of the elbow flexors (non-dominant arm) with low intensity (10% MVC strength) at the elbow joint angle of 90°, 2 days before the Max-EEC bout. Subjects in the LLLT group were administered low-level laser (808 nm and 1 J per point of application, frequency 2000 Hz, at a power of 100 mW) to the muscle belly of biceps brachii by the contact method at four equidistant points immediately before the maximal eccentric bout. All the 36 enrolled subjects in both the groups performed Max-EEC of the elbow flexors (nondominant arm) with the dumbbell set at maximum voluntary isometric contraction at 90° elbow flexion. Subjects were encouraged verbally to complete the sets and were requested to perform 30 repetitions or until they felt exhausted. Subjects were not obligated (i.e., required) to complete full sets of the exercise. The criterion measures were taken at 24--72 hours after the Max-EEC bout. The nondominant arm was used for the measurement of all the clinical data, while the dominant arm was used for collecting blood samples.

A calibrated Lafayette (model no. 01165) Manual Muscle Testing (MMT) System was used to measure MVC of the elbow flexors. For the measurement of elbow flexor (biceps brachii), the patient was seated on a bench with the elbow flexed to 90° and the forearm supinated, and the shoulder was stabilized manually. The dynamometer was positioned close to the wrist on the palmar surface of the forearm. Two measurements of maximal contraction were taken, and the average was used for the analyses.[@b4-jpr-10-2213]

Two measurements for the elbow ROM including flexion and extension were taken by a plastic goniometer, and difference in the extension and flexion angles was considered as the ROM.[@b4-jpr-10-2213] For the measurement of the upper arm circumference, the subjects were instructed to stand with their arms hanging in a relaxed position by their sides. Measurements were taken at 3, 5, 7, 9, and 11 cm close to the elbow crease of the cubital fossa by using a Gulik constant tension tape.[@b4-jpr-10-2213] Muscle soreness was determined by the investigator by placing his index and middle fingers over the site and applying pressure with the tips of his fingers for 3 seconds. The level of pain was estimated using a 100-mm scale.[@b21-jpr-10-2213]

For the analysis of CK, approximately 1--2 mL of blood was obtained from an antecubital vein of the arm using the venipuncture technique. The blood was then centrifuged for 10 minutes to obtain the plasma, and the plasma sample was kept at −40°C until being analyzed for CK activity using an automatic blood analyzer. For the analysis of LDH, 1 mL of LDH reagent was added to the blood serum, and incubated at 37°C for 1 minute. The sample was kept in a spectrophotometer for measuring changes in absorbance per minute for 3 minutes with a time interval of 60 seconds. The LDH and serum CK activity was assessed via a spectrophotometer set at 340 nm wavelength using a CK kit (NAC act.; Crest Biosystems, Coral Clinical Systems) and an LDH kit (P-L; Crest Biosystems, Coral Clinical Systems), respectively. For both LDH and CK activity, 1 mL of their respective working reagent was incubated at 37°C for 1 minute, followed by the addition of 0.02 mL of serum for analysis. The initial absorbance after 1 minute and the repeated absorbance readings after every 1, 2, and 3 minutes were recorded from the spectrophotometer. The mean absorbance change per minute was then calculated and multiplied by the factor 8095. The formulas for the calculations were as follows: $$\text{CK~activity~in}\ U/L,37{^\circ}C = \frac{\Delta A \times 8095}{\text{minute}}$$ $$\text{LDH~activity~in}\ U/L,37{^\circ}C = \frac{\Delta A \times 8095}{\text{minute}}$$

In the Max-EEC protocol, each subject performed 30 repetitions of eccentric contraction at constant velocity with the nondominant arm at an elbow flexed to 50° to the elbow extended position by the dumbbell set at 100% MVC in 3--5 seconds with 45-second rest. In the 10% eccentric exercise protocol (10% EEC), subjects were requested to perform 30 repetitions of eccentric contractions of the elbow flexors with the nondominant arm of low intensity (10% MVC strength) at the elbow joint angle of 90°. In both the situations, the load was removed by the examiner, and the arm was returned to the initial position.[@b22-jpr-10-2213] Subjects in LLLT group were administered low-level laser (808 nm; and 1 J per point of application, frequency 2000 Hz, at a power of 100 mW) to the muscle belly of the biceps brachii at four equidistant points.[@b20-jpr-10-2213]

Statistical analysis
--------------------

Data were evaluated by the Shapiro--Wilk test for normality. Soreness, MVC, and LDH values did not demonstrate normal distributions, and therefore, were log-transformed for further analysis. The demographic and baseline data were compared between 10% EEC and LLLT groups by an independent *t*-test. Sixteen participants in the 10% EEC group (n = 16) and LLLT group (n = 20) were assessed during the experiment. To test for the difference between the groups and across the four assessments, a 2 × 4 split plot analysis of variance (ANOVA) with the group (10% EEC and LLLT), time (pre and 24, 48, and 72 hours), and interaction effect (group × time) was applied. Assumptions of sphericity were tested using Mauchly's test, and any violations were corrected using the Greenhouse--Geisser correction factor. When the main effect of time in split plot ANOVA showed a significant difference, a post hoc analysis using the Bonferroni test was employed to indicate a significant difference at different time points. A repeated measure ANOVA was used to assess changes in MVC, ROM, upper arm circumference, soreness on palpation, and CK and LDH activity within the group from pre-exercise to 24, 48, and 72 hours postexercise. When the main effect of the group showed a significant difference by split plot ANOVA, to locate the difference in the group at a time point, independent *t*-test was applied. Data were presented as mean (SD). The significance level was set at *p* \< 0.05.

Results
=======

At baseline, the demographic characteristics between the groups in terms of age, weight, height, and body mass index were statistically insignificant. Similarly, MVC, upper arm circumference, CK, and LDH scores were statistically insignificant between the groups (*p* \> 0.05; [Table 1](#t1-jpr-10-2213){ref-type="table"}). Only muscle soreness on palpation had a significant main effect (*p* = 0.024). To locate the between-group difference at different time points, independent *t*-test was performed, which showed significant difference at 48 hours, whereas no significant difference was found at other time points. There was an insignificant difference between groups and groups × time; however, a significant difference was noted at pre-exercise and at 24, 48, and 72 hours in the entire criterion measures ([Table 2](#t2-jpr-10-2213){ref-type="table"}; [Figures 1](#f1-jpr-10-2213){ref-type="fig"} and [2](#f2-jpr-10-2213){ref-type="fig"}). The mean and SD of all the variables at different time points and the post hoc analysis are shown in [Table 3](#t3-jpr-10-2213){ref-type="table"}.

Discussion
==========

A novel approach in the present study was to compare the intervention supremacy of the two established preconditioning interventions (10% EEC vs. LLLT) on markers of muscle damage subsequent to Max-EEC. The results of this study indicated the following: (1) muscle soreness was more attenuated in the LLLT group, whereas no differences were observed in regard to other markers of muscle damage; (2) the preconditioning effects on muscle damage were similar in both the groups at different time points, so both of the interventions may be used interchangeably.

The possible mechanisms cited for the preconditioning effects of the 10% EEC are the cellular adaptation, neural adaptation, and mechanical adaptation,[@b23-jpr-10-2213] whereas the mechanisms behind preconditioning effects of LLLT are through photochemical changes in cells and by photoreceptors through the absorption of light.[@b24-jpr-10-2213] This is known as photobiostimulation.[@b25-jpr-10-2213] The application of narrow-band light in tissues may stimulate or inhibit both the chemical and physiological functions of cells, whereas other mechanisms include promoting anti-inflammatory effects,[@b17-jpr-10-2213] increasing the antioxidant capacity,[@b18-jpr-10-2213] and improving the mitochondrial function.[@b19-jpr-10-2213]

It is suggested that a low-intensity eccentric exercise (10%) not only is effective in providing protection against muscle damage after submaximal eccentric contraction exercise (40%),[@b4-jpr-10-2213] but also provides protection against Max-EEC. In addition, another study has also reported that the protective effect of 10% EEC was the same at 2 and 7 days and lasted for 2 weeks.[@b11-jpr-10-2213] With respect to wavelength, it has been suggested that the use of longer wavelengths (808 and 810 nm) allows both better depth of penetration and absorption of photons emitted by the laser. However, the best therapeutic window for avoiding muscle damage is not well known.

It can be argued that preconditioning interventions were not given at the same time points, so the change in the result between the groups could be due to the variations in the preconditioning time and not due to the effect of the preconditioning interventions. This argument is possibly invalid because a similar study done by Lavender and Nosaka[@b4-jpr-10-2213] reported that the protective effect of 10% EEC on damage produced by Max-EEC remained optimal even after 48 hours. However, Baroni et al[@b12-jpr-10-2213] reported that the protective effect of LLLT on muscle damage is optimal immediately after the last LLLT application. The effect could have vanished if applied after 48 hours to maintain the same time point. No evidence suggests that 10% EEC can cause damage, and therefore, it cannot affect the markers of muscle damage.[@b4-jpr-10-2213]

It has been clearly shown in the current study that both interventions (10% EEC and LLLT) were identical in the recovery of MVC. It has been suggested that performing light-load eccentric exercise (10% EEC) induces faster recovery of MVC after 40% EEC[@b4-jpr-10-2213] and 100% EEC.[@b11-jpr-10-2213] Lavender and Nosaka[@b4-jpr-10-2213] reported that 10% EEC was given 2 days prior to the subsequent damaging exercise for providing protection, which was similar to our study. In addition, low-level laser treatment showed that impairment of muscle function was attenuated up to 2 days after eccentric exercise by application of LLLT immediately before the Max-EEC. They have also reported attenuation in the MVC value of the quadriceps muscle when LLLT was given before the isokinetic contraction exercise.[@b12-jpr-10-2213] Therefore, the present study may relate to this study as the present study also found statistically insignificant differences in changes in MVC between 10% EEC and LLLT after Max-EEC exercise. Felismino et al[@b22-jpr-10-2213] reported that strength performance of both the placebo and LLLT group decreased in a similar pattern following eccentric exercise protocol (placebo 11% and laser group 16%).

In the present study, both the groups showed MVC decrements up to 48 hours after Max-EEC. In addition, a reduction of 18% and 17.3% in MVC was seen in 10% EEC and LLLT group, respectively. A previous study by Lavender and Nosaka[@b4-jpr-10-2213] reported a decrease in MVC after 24 hours by 20% as depicted by the graph, and after that, an increase. Felismino et al[@b22-jpr-10-2213] reported a decrease of MVC by 16% in LLLT group. In the present study, it was seen that the MVC was reducing up to 48 hours with a reduction of about 21.3% in the 10% EEC group and 15.02% in the LLLT group, and after 48 hours, the MVC increased by 14.6% in the 10% EEC group and 16.6% in the LLLT group. The mechanism of eccentric contraction exercise causing loss of force may be due to reflex inhibition of the muscle experiencing pain and impairment of excitation--contraction coupling forces.[@b26-jpr-10-2213] Another study indicated that after eccentric exercise, the reduction in force might be due to damage at the tendon attachments or within the series of elastic components of the muscle.[@b27-jpr-10-2213] The exact mechanism of action by which LLLT acts on the reduction of muscle damage remains to be established. Despite this, it is known that the primary damage is caused mainly by mechanical stress.[@b9-jpr-10-2213] In addition, the secondary damage occurs due to metabolic events beginning with the disruption of Ca^2+^ homeostasis.[@b28-jpr-10-2213] We may speculate that the protective effects of 10% EEC and LLLT might have increased the capability of the muscle to generate force.

It has been clearly noted in the current study that both the groups (10% EEC and LLLT) were providing protection in a similar manner. Previous researchers have indicated that 10% EEC induces a smaller decrease in the ROM when compared to control. Lavender and Nosaka[@b4-jpr-10-2213] reported that 10% EEC was found to be effective in inducing faster recovery of the ROM following submaximal eccentric exercise 40% EEC and maximal eccentric exercise 100% EEC.[@b11-jpr-10-2213] Only a single study examined the effect of LLLT on ROM when applied post-DOMS, and no changes were found between the group receiving LLLT and placebo or control groups.[@b29-jpr-10-2213] In the present study, the ROM decreased up to 48 hours in both groups, and reductions of up to 7° in 10% EEC group and 5° in LLLT group from pre-exercise values were found. The mechanism underlying this effect on the ROM is not fully understood; however, pain and muscle stiffness, shortened noncontractile components, changes in calcium homeostasis due to muscle damage, and swelling may influence ROM.[@b26-jpr-10-2213] We can speculate that the protective effects of 10% EEC might have increased the ROM, but the effects of LLLT have not been directly verified in our study since it does not involve direct comparisons with controls.

It has been clearly explained in the present study that upper arm circumference in both the groups increased in a similar manner. Previous research by Lavender and Nosaka[@b4-jpr-10-2213] reported that 10% EEC prior to eccentric protocol has no significant effects on changing upper arm circumference. It was also found that 10% EEC of the knee extensors 7 days prior to maximal EEC had a significantly smaller increase[@b11-jpr-10-2213] which was in contrast to our study. The possible reasons for this discrepancy may be that in the current study, the 10% EEC was given 2 days prior to the maximum eccentric exercise protocol. The application of LLLT showed no significant increase when compared to the placebo group.[@b30-jpr-10-2213],[@b31-jpr-10-2213] The mechanism includes swelling either within the affected muscle fibers or in the connective tissue.[@b2-jpr-10-2213] Hassan et al[@b32-jpr-10-2213] reported that swelling is due to the accumulation of bradykinin, histamine, and neutrophils within the injury site.

It has been clearly demonstrated in this study that muscle soreness is more attenuated in the LLLT group. On the basis of the results of the present study, we speculate that attenuation in muscle soreness at 48 hours following LLLT is probably related to mainly two aspects: one factor may be explained by subjects' perception which might have been altered by the application of an external modality which reflects emotional factors in the rating of muscle soreness; another factor may be the anti-inflammatory effect of LLLT which might have caused a reduction in the release of reactive oxygen species and an increase in antioxidant capacity. Previous research has shown that both the 10% EEC and LLLT significantly attenuated the symptoms when compared to both the control and placebo. Lavender and Nosaka[@b4-jpr-10-2213] reported that 10% EEC significantly attenuated the muscle soreness. In addition, the level of soreness was less when compared to their control. Chen et al[@b11-jpr-10-2213] reported that 10% EEC reduced the muscle soreness when it was given 7 days prior to Max-EEC. Douris et al[@b29-jpr-10-2213] discovered that LLLT delivered immediately after a DOMS protocol of the elbow flexors significantly reduced perceived pain at 48 hours postexercise. The mechanism behind the prevention of pain in LLLT is that it has an effect on the central descending inhibitory pathways and the release of endogenous opioids such as serotonin and β-endorphins.[@b30-jpr-10-2213] Bobbert and Vlieger[@b33-jpr-10-2213] reported that after eccentric contraction, resting muscle activation increases, resulting in tonic localized spasm of motor units. Muscle spasm causes muscle pain directly by compressing the blood vessels resulting in ischemia. The increased intramuscular edema, which activates the mechanoreceptor, might be causing pain.[@b34-jpr-10-2213] This could be explained by central sensitization induced by an initial exercise bout and an inherent protective spinal mechanism against the development of soreness. We may speculate that protective effects of 10% EEC and LLLT might have reduced the muscle soreness.

It has been clearly demonstrated in this study that both 10% EEC and LLLT have similar effects on CK activity. Lavender and Nosaka[@b4-jpr-10-2213] reported no significant difference in changes in CK activity when compared to control. Another study showed that CK activity is less in 10% EEC group as compared to control,[@b11-jpr-10-2213] and Dos Reis et al[@b35-jpr-10-2213] reported that the application of laser before and after exercise reduced the level of CK. Baroni et al[@b12-jpr-10-2213] found that LLLT provided protection and reduced the level of CK when compared to placebo. Commonly accepted mechanisms of CK release include damage to the muscle tissue, changes in myocyte permeability, and theories of both enzyme deficit and ATP depletion.

It has been explained in the current study that both 10% EEC and LLLT have similar effects on LDH activity. Previous studies have reported a significant difference in LDH activity as compared to control, placebo,[@b35-jpr-10-2213] and other interventions.[@b36-jpr-10-2213] In accordance with this study, serum LDH activity remained elevated 48 hours after muscle damage. Dos Reis et al[@b35-jpr-10-2213] reported that LLLT application caused a significant decrease in lactate levels when compared to placebo. Baroni et al[@b12-jpr-10-2213] reported that LDH levels increased over time but not in the control group, while Chen et al[@b11-jpr-10-2213] reported that 10% EEC was not damaging to the muscle as shown by the results indicating no change in markers of muscle damage.

Some of the study's limitations are as follows: (1) The findings of the present study could not be generalized because we included only young collegiate men, tested only one group of muscles, and due to both time and ethical constraints, were not able to include a control group. (2) The use of the Lafayette MMT System may not be sensitive enough to detect strength.

Conclusion
==========

Light-load eccentric exercise confers similar protective effect against subsequent maximal eccentric exercise as LLLT. Light-load eccentric exercise is convenient to perform and may be used by athletes on field who face challenges of exercise-induced muscle damage everyday during training progression. Moreover, it is speculated that laser helps to reduce inflammation whereas eccentric exercise acts by strengthening the cytoskeleton of the muscles, thereby developing endogenous defense against exercise-induced muscle damage. This investigation will pave the way for future studies to find the appropriate dose of low-level laser for preventing muscle damage by eccentric activity.
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![Change in (**A**) muscle soreness, (**B**) MVIC, (**C**) ROM, and (**D**) UAC from baseline values that are expressed as pre-exercise and 24, 48, and 72 hours after maximal eccentric contraction. Mean (SD) values of each group are shown. An asterisk indicates a significant difference (*p* \< 0.05) between times shown by the post hoc Bonferroni. A hatch indicates difference between group (*p* \<0.05) shown by independent *t*-test.\
**Abbreviations:** MVIC, maximum voluntary isometric contraction; UAC, upper arm circumference; ROM, range of motion; EEC, eccentric exercise contraction; LLLT, low-level laser therapy.](jpr-10-2213Fig1){#f1-jpr-10-2213}

![Change in (**A**) CK and (**B**) LDH from baseline values that are expressed as pre-exercise and 24, 48, and 72 hours after maximal eccentric contraction. Mean (SD) values of each group are shown. An asterisk indicates a significant difference (*p* \< 0.05) between times shown by the post hoc Bonferroni.\
**Abbreviations:** CK, creatine kinase; LDH, lactate dehydrogenase; EEC, eccentric exercise contraction; LLLT, low-level laser therapy.](jpr-10-2213Fig2){#f2-jpr-10-2213}

###### 

Comparison of the baseline criterion measures between groups

  Variables    10% EEC         LLLT            *p*
  ------------ --------------- --------------- -------
  MVC (N)      166.1 (45.16)   153.7 (46.48)   0.42
  ROM (°)      134.7 (5.67)    131.2 (5.96)    0.08
  UAC (cm)     23.5 (2.55)     23.7 (2.02)     0.74
  CK (IU/L)    100.1 (23.61)   113.8 (31.03)   0.143
  LDH (IU/L)   282.6 (50.97)   257.7 (42.54)   0.12

**Note:** *p* \< 0.05: statistically significant.

**Abbreviations:** EEC, eccentric exercise contraction; LLLT, low-level laser therapy; MVC, maximum voluntary contraction; ROM, range of motion; UAC, upper arm circumference; CK, creatine kinase; LDH, lactate dehydrogenase; N, Newtons; °, degree; cm, centimeter; IU/L, international units per liter.

###### 

Summary of split plot ANOVA

  Dependent variable                            Sources     Partial *η*^2^                                        *p*
  --------------------------------------------- ----------- ----------------------------------------------------- ---------------------------------------------------
  Maximum voluntary isometric contraction (N)   Group (G)   0.015                                                 0.47
  Time (T)                                      0.63        \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.029       0.38                                                  
  Range of motion (°)                           Group (G)   0.05                                                  0.16
  Time (T)                                      0.55        \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.05        0.12                                                  
  Upper arm circumference (cm)                  Group (G)   0.004                                                 0.70
  Time (T)                                      0.41        \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.024       0.45                                                  
  Muscle soreness (mm)                          Group (G)   0.142                                                 0.024[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}
  Time (T)                                      0.858       \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.078       0.039[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}     
  Creatine kinase (IU/L)                        Group (G)   0.01                                                  0.42
  Time (T)                                      0.61        \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.11        0.59                                                  
  Lactate dehydrogenase (IU/L)                  Group (G)   0.08                                                  0.08
  Time (T)                                      0.76        \<0.001[\*](#tfn3-jpr-10-2213){ref-type="table-fn"}   
  Interaction (G × T)                           0.02        0.49                                                  

**Note:**

*p* \< 0.05: significant difference.

**Abbreviations:** ANOVA, analysis of variance; N, Newtons; °, degree; cm, centimeter; mm, millimeter; IU/L, international units per liter.

###### 

Mean (SD) of 10% EEC group and LLLT group at different time points

  Time (hours)                                                                                   Group           MVC (N)                                               ROM (°)                                               UAC (cm)                                            SOP (mm)                                              CK (IU/L)                                             LDH (IU/L)
  ---------------------------------------------------------------------------------------------- --------------- ----------------------------------------------------- ----------------------------------------------------- --------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  0                                                                                              10% EEC         166.1 (45.16)                                         134.7 (5.67)                                          23.5 (2.5)                                          0                                                     100.1 (23.61)                                         282.6 (50.97)
  LLLT                                                                                           153.7 (46.48)   131.2 (5.9)                                           23.7 (2.02)                                           0                                                   113.8 (31.03)                                         257.7 (42.54)                                         
  24                                                                                             10% EEC         135.0 (47.70)                                         128.9 (5.15)                                          23.9 (2.54)                                         36.8 (12.29)                                          123.8 (27.69)                                         330.2 (57.61)
  LLLT                                                                                           127.0 (42.19)   126.6 (4.97)                                          24.3 (2.02)                                           30.6 (8.09)                                         129.5 (36.68)                                         301.5 (40.95)                                         
  48                                                                                             10% EEC         130.6 (42.75)                                         129.5 (5.45)                                          23.9 (2.50)                                         42.7 (9.34)                                           152.1 (27.86)                                         396.7 (71.75)
  LLLT                                                                                           117.4 (42.44)   128.5 (4.9)                                           24.2 (2.12)                                           33.1 (9.45)                                         159.1 (38.01)                                         355.4 (51.63)                                         
  72                                                                                             10% EEC         141.8 (41.74)                                         132.4 (5.15)                                          23.8 (2.56)                                         33.5 (9.98)                                           138.2 (29.93)                                         349.4 (58.88)
  LLLT                                                                                           128.1 (38.31)   129.8 (4.23)                                          24.0 (2.04)                                           30.6 (9.26)                                         145.5 (56.45)                                         330.6 (51.56)                                         
  **Post hoc analysis showing difference at different time points in 10% EEC and LLLT groups**                                                                                                                                                                                                                                                                                               
  0 vs. 24                                                                                       10% EEC         \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}
  0 vs. 24                                                                                       LLLT            \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   0.002[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}     \<0.001                                             \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   0.002[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}     \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}
  24 vs. 48                                                                                      10% EEC         1.00                                                  1.00                                                  1.00                                                0.008[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}     \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}
  24 vs. 48                                                                                      LLLT            0.06                                                  0.14                                                  1.00                                                0.97                                                  0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}     \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}
  48 vs. 72                                                                                      10% EEC         0.002[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}     \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   1.00                                                0.03[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}      \<0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}   0.001[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}
  48 vs. 72                                                                                      LLLT            0.03[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}      0.25                                                  0.02[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}    1.000                                                 0.73                                                  0.04[\*](#tfn6-jpr-10-2213){ref-type="table-fn"}

**Notes:** Data are presented as mean (SD).

*p* \< 0.05: statistically significant difference.

**Abbreviations:** EEC, eccentric exercise contraction; LLLT, low-level laser therapy; MVC, maximal voluntary contraction; ROM, range of motion; UAC, upper arm circumference; SOP, soreness on palpation; CK, creatine kinase activity; LDH, lactate dehydrogenase; N, Newtons; °, degree; cm, centimeter; mm, millimeter; IU/L, international units per liter.
